Merkel cell carcinoma (MCC) is a rare, aggressive neuroendocrine skin cancer that occurs more frequently in immunosuppressed individuals, such as those infected with HIV and/or diagnosed with AIDS (1,2). In 2008, a previously unknown polyomavirus designated Merkel cell polyomavirus (MCV) was found in MCC tumors; MCV DNA sequences were detected in eight (80%) of the 10 MCC tumors compared with only four (16%) of the 25 control skin tissue samples (3).
Background
Merkel cell carcinoma (MCC) is a rare skin cancer that was recently found to be associated with a polyomavirus and with immunosuppression, provoking new interest in its epidemiology. We conducted a nationwide study in Denmark to describe MCC incidence and mortality and the association between MCC and other cancers.
Denmark since 1943 (7) because physicians are required by law to report each cancer diagnosis, along with the primary tumor site and stage, to the register at the time of diagnosis. In addition, pathology and forensic medicine departments are required to report cancer information to the register. All cancer-specific autopsy information is reported to the register, regardless of whether the deceased was known to have cancer or the cancer was first noted at autopsy. Finally, cancer diagnoses registered in the Danish Hospital Discharge Register or the National Causes of Death Register, but not reported to the Danish Cancer Register (for whatever reason), are added to the Danish Cancer Register annually.
Cancers in the Danish Cancer Register are categorized according to International Classification of Diseases, Seventh Revision (ICD-7), codes, with conversion to the equivalent ICD, Tenth Revision (ICD-10), codes (8) . Malignant melanoma is designated by the ICD-10 code C43, whereas nonmelanoma skin cancers receive the ICD-10 code C44 and are distinguished from one another using additional histology codes. MCC was first described in 1972 (9, 10) and since 1978 has been designated by the ICD-10 code C44 combined with the histology code 82473. We grouped other nonmelanoma skin cancers into squamous cell carcinoma (C44, histology codes 80513-80523, 80703-80763, 80943, or 85603) and basal cell carcinoma (C44, histology codes 80903-80933). Tumor staging in the Danish Cancer Register follows the International Union Against Cancer TNM Classification of Malignant Tumors (11) . 
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Statistical Analyses
We estimated MCC incidence rates in the cohort of all persons residing in Denmark during the period January 1, 1978, to December, 31 2006 , as identified by using the Civil Registration System (CRS). All residents of Denmark are registered in the CRS by means of a personal identification number, and information on their vital status, emigration, or disappearance is updated daily, which permits virtually complete follow-up of study subjects who live in Denmark and linkage with Danish population-based health registers. MCC incidence rates were estimated as number of MCC patients registered during the follow-up period divided by the number of years of follow-up. In the estimation of rates for the entire study period, each person was followed up from January 1, 1978, or the date of birth, whichever came later, to the date of MCC diagnosis, death, emigration, being recorded as a missing person in the CRS, or December 31, 2006, whichever occurred first. We also estimated 5-year incidence rates for the periods 1985-1989, 1990-1994, and 1995-1999 , as well as incidence rates for the periods 1978-1984 and 2000-2006 . Because there were too few cases in the periods 1978-1979 and 2005-2006 to allow for the estimation of stable rates for these periods alone, we combined these periods with the 5-year periods 1980-1984 and 2000-2004 , respectively, when estimating period-specific incidence rates. Cumulative risk of MCC at age 100 years was estimated as 1 minus exp(2L), where L is the cumulative incidence rate determined as a weighted sum of age-specific incidence rates with weights equal to the number of years in the age categories. We chose to estimate cumulative risk up to age 100 years because of the relatively high incidence of MCC even at age 90 years or older, which allowed for a simple overall evaluation of sex differences not attributable to differences in average life expectancy.
MCC mortality was estimated in the cohort of MCC patients who were diagnosed between January 1, 1978, and December 31, 2006, with follow-up from the date of MCC diagnosis to the date of death, emigration, being recorded as a missing person in the CRS, or December 31, 2008 , whichever occurred first. The percentages of patients with known tumor stage who were alive after diagnosis, by tumor stage, were estimated by Kaplan-Meier analyses and compared with the percentages expected to be alive in cONteXt AND cAVeAtS
Prior knowledge
Merkel cell carcinoma (MCC) is a rare aggressive skin cancer that was recently linked to a previously unknown polyomavirus. MCC occurs more frequently in immunosuppressed individuals, and many individuals who are diagnosed with MCC have a history of other cancers, including sun exposure-associated skin cancers, suggesting that MCC may also share etiologic factors with other malignancies.
Study design
Data from Danish national health and population registers were used to describe MCC incidence, MCC mortality by stage at diagnosis, and associations between MCC risk and the risks of other cancers.
Contribution
Overall MCC incidence was higher among women than among men and among older individuals. MCC patients had a higher mortality than was expected due to advanced age alone. MCC mortality did not differ by location of the primary tumor. There was an increased risk of being diagnosed with MCC more than 1 year after a diagnosis of basal cell carcinoma, squamous cell carcinoma of the skin, cutaneous malignant melanoma, chronic lymphocytic leukemia, Hodgkin lymphoma, or non-Hodgkin lymphoma, and there were increased risks of squamous cell carcinoma of the skin, chronic lymphocytic leukemia, and other cancers diagnosed more than 1 year after MCC diagnosis.
Implications
There may be shared risk factors for MCC and other cancers. Heightened awareness of the association between MCC and other cancers may facilitate earlier clinical detection and treatment of MCC.
Limitations
Misclassification of cancers because of incomplete or inaccurate registration of diagnoses is a possibility in any register-based study. Surveillance bias is a possible (but unlikely) explanation for the observed associations between MCC and squamous cell carcinoma.
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Downloaded from https://academic.oup.com/jnci/article-abstract/102/11/793/970271 by guest on 08 January 2019 the absence of MCC based on national age-, period-, and sexspecific mortality rates estimated using information from the CRS. The excess mortality rate ratio attributable to MCC was evaluated by using a Poisson regression model, with the observed number of deaths as the outcome, the logarithm of the number of personyears at risk as the offset, and adjustment for stage at diagnosis (localized, nonlocalized, unspecified, or unstaged), sex, and number of years since diagnosis (<1, 1, 2-4, and ≥5 years). For each unique combination of covariates, i, the mean parameter was modeled as exp( ) PY i i i X E , where X i is the vector of covariates, b is the vector of regression parameters, PY i is the number of person-years, and E i is the expected number of cancers. The model can be viewed as a log-linear model of the observed death rate in MCC patients minus the expected death rate, that is, a model of the excess mortality rate attributable to MCC. Consequently, we interpreted the estimated rate ratios as ratios of excess mortality rates attributable to MCC and designated them excess mortality rate ratios. Excess mortality rates were estimated by using a regression model that was similar to the one described above except that it did not include an intercept or other covariates.
We estimated the standardized incidence rate ratios (SIRs) of MCC after a diagnosis of cancer at selected sites with follow-up from the date of cancer diagnosis or January 1, 1978, whichever came last, to the date of MCC diagnosis, death, emigration, being recorded as a missing person in the CRS, or December 31, 2006, whichever occurred first. Standardized incidence rate ratios of selected cancers after a primary MCC diagnosed from January 1, 1978, to December 31, 2006 , were estimated with follow-up from the date of the MCC diagnosis to the date of diagnosis of cancer at the selected site, death, emigration, being recorded as a missing person in the CRS, or December 31, 2006, whichever occurred first. Standardized incidence rate ratios were calculated as the observed number of cases divided by the expected number of cancers. The expected number of cancers was estimated by using national age-, period-, and sex-specific cancer rates from the Danish Cancer Register. We estimated 95% confidence intervals (CIs) by assuming a Poisson distribution for the observed cancers. All tests of differences were likelihood ratio tests. P values are two-sided, and P values less than .05 were considered statistically significant.
results
Characteristics of MCC Patients
Between January 1, 1978, and December 31, 2006, 185 people were diagnosed with MCC in Denmark. In general, MCC patients were elderly: 90.8% were 65 years or older at the time of diagnosis, and 58.4% were older than 75 years ( Table 1) . The most frequent primary tumor site was the head (46%), followed by the lower limbs (13%), upper limbs (12%), and the trunk (9%). More than half of the patients were diagnosed with localized MCC (Table 1) . Among patients with nonlocalized disease (ie, those with regional or distant metastases), the most common anatomical location of the primary MCC tumor was the head ( Table 1 ). None of the MCC patients were diagnosed with HIV/AIDS either before or after the MCC diagnosis, as expected; in Denmark, only 250-300 persons (13) among a total population of approximately 5 519 441 (14) are diagnosed with HIV/AIDS annually.
MCC Incidence
We examined MCC incidence rates by calendar period (Figure 1 ). From January 1, 1978, to December 31, 1984 , only a few (<20) incident cases of MCC were reported to the Danish Cancer Register. MCC incidence increased progressively between 1985 and 1994. Between 1995 and 2006, MCC incidence was stable at 2.2 cases per million person-years; MCC incidence during this period among men and women was 2.0 and 2.5 cases per million person-years, respectively. The higher overall incidence in women was primarily because of their longer life spans; as illustrated in Figure 2 , the age-specific incidence of MCC was very similar for men and women. Furthermore, estimates of cumulative risk of MCC at age 100 years were very similar: 838 cases per million 
MCC Mortality
During 682 person-years of follow-up, 162 of the 185 MCC patients died. The mortality rate among men was twice that among women ( Table 2) . We examined the proportion of MCC patients who were alive by time since and stage at diagnosis (Figure 3 ). One year after MCC diagnosis, 22% of patients with localized MCC had died, whereas 54% of patients with nonlocalized MCC had died. Five years after MCC diagnosis, 55% and 84% of the patients with localized and nonlocalized MCC, respectively, had died. However, the observed high mortality was partly because of the advanced age of the majority of MCC patients; even without an MCC diagnosis, almost 8% of the patient cohort were expected to die (of old age) within 1 year of the start of follow-up, and 33% were expected to die within 5 years ( Figure 3) . We therefore estimated the excess mortality rate attributable to MCC, which is a less age-dependent mortality measure. The excess mortality rate attributable to MCC within 1 year of MCC diagnosis was 8.4 deaths per 100 person-years (95% CI = 5.5 to 12.7 deaths per 100 person-years) for localized MCC and 32 deaths per 100 personyears (95% CI = 21.3 to 48.1 deaths per 100 person-years) for nonlocalized MCC (Table 2) .
MCC and Other Cancers
The 185 MCC patients had been diagnosed with 121 other cancers more than 1 year before their MCC diagnosis. The MCC incidence rate more than 1 year after the diagnosis of another cancer was 2.6 times higher (95% CI = 1.8 to 3.6 times higher) than expected based on the MCC incidence in the general Danish population (Table 3 ). This excess risk was seen both in women (SIR = 1.8, 95% CI = 1.2 to 2.9) and in men (SIR = 4.0, 95% CI = 2.5 to 6.6). There was a statistically significant elevated risk of being diagnosed with MCC more than 1 year after a diagnosis of any skin cancer (SIR = 2.6, 95% CI = 1.8 to 3. (Table 3) . Conversely, during 682 years of follow-up, the 185 MCC patients were diagnosed with 43 other cancers more than 1 year after their MCC diagnosis. Overall cancer incidence in MCC patients more than 1 year after MCC diagnosis was more than twice that expected from the overall cancer incidence in the general Danish population (observed vs expected number of new cancers: 16 vs 6.9; SIR = 2.3, 95% CI = 1.4 to 3.8) (Table 3 ). This excess risk of other cancers was seen both in women (SIR = 2.3, 95% CI = 1.3 to 4.2) and in men (SIR = 2.3, 95% CI = 1.0 to 5.6). Squamous cell carcinoma of the skin (SIR = 12.1, 95% CI = 5.1 to 29.1) and chronic lymphocytic leukemia (SIR = 14.7, 95% CI = 3.7 to 58.8) occurred in statistically significant excess more than 1 year after MCC diagnosis compared with the general population of Denmark (Table 3) .
Discussion
This study provides national incidence and mortality figures for MCC in Denmark and documents strong associations between MCC and other cancers, particularly squamous cell carcinoma of the skin and chronic lymphocytic leukemia. These findings suggest the existence of shared risk factors for MCC and other cancers.
We found that the incidence of primary MCC increased during the study period. This increase probably reflects increasing awareness and registration of MCC between 1978 and 1995, along with improvements in diagnostic methods. Since 1995, MCC incidence has been stable, probably because of more consistent recognition of this rare cancer by clinicians. The overall incidence of 2.2 cases of MCC per million person-years that we observed during the period 1995-2006 is similar to the incidence of MCC that has been Figure 3. Kaplan-Meier analysis of the percentage of Merkel cell carcinoma (MCC) patients alive by number of years since diagnosis with localized or nonlocalized disease, compared with the percentage of patients expected to be alive had they not been diagnosed with MCC, based on national age-, period-, and sex-specific mortality rates. Unstaged MCC patients (n = 47) were not included in this analysis. CI = confidence interval.
reported in other European studies (10, 15) . Consistent with the published literature (10,16), we found that MCC is predominantly a disease of the elderly.
We observed a higher overall MCC incidence among women than among men. This difference appeared to reflect the larger proportion of women than men who were in the oldest age groups, in which MCC incidence was highest. Other studies have reported a higher MCC incidence in men than in women (5, 16, 17) . For example, an American study (16) found an MCC incidence among women (2.2 cases per million person-years) that was similar to the incidence we observed but reported a higher incidence among men (five cases per million person-years) than we observed. Persons with HIV/AIDS have previously been reported to have an approximately 11-fold higher incidence of MCC compared with the general population (1). The higher incidence of MCC among men in the American study may therefore be because of a greater number of HIV-positive and/or AIDS-affected men in the US Surveillance, Epidemiology, and End Results study population compared with the Danish population (16); indeed, we identified no cases of HIV/ AIDS among the MCC patients in our study population. However, the American study also found a higher incidence of MCC among older men (16) , suggesting that factors other than HIV infection may be involved in the excess risk of MCC in men.
Few data on the prognosis of MCC patients are available. The poorer prognosis associated with male sex that we observed is in agreement with the results of most (6,16,18-20) , but not all (21), * -= SIRs could not be calculated for these categories; BCC = basal cell carcinoma; CI = confidence interval; CLL = chronic lymphocytic leukemia; CMM = cutaneous malignant melanoma; E = expected; O = observed; SCC = squamous cell carcinoma; SIR = standard incidence rate ratio. † The number of cases in this category is less than the sum of the cases in the subgroups because some individuals had several cancers. ‡ All other malignant neoplasms that do not fit into one of the named categories.
Downloaded from https://academic.oup.com/jnci/article-abstract/102/11/793/970271 by guest on 08 January 2019 previous studies. We observed that MCC patients had a higher mortality than was expected due to advanced age alone. More than half of the MCC patients in this study had localized disease at the time of diagnosis, similar to findings reported by Agelli and Clegg (16) . As might be expected, mortality was higher among MCC patients who had regional or metastatic disease at the time of diagnosis. The high excess mortality attributable to advanced (ie, nonlocalized) MCC, together with the finding that only approximately half of the MCC patients had localized disease at the time of diagnosis, suggests that earlier diagnosis might considerably improve the prognosis of MCC patients. Earlier diagnosis might not improve the prognosis for patients with immunosuppression-related MCC, however, because immunosuppression itself is often associated with increased mortality. Nevertheless, none of the MCC patients in our study were HIV positive, which decreased the likelihood that the observed excess mortality attributed to MCC was caused by immunosuppressive conditions alone. We observed no differences in mortality by location of the primary tumor. Previous studies (9, 10) have found that the anatomical location of the primary MCC tumor was associated with mortality: Tumors on the lower limbs in particular were found to be associated with increased mortality. Poulsen (9) explained these findings by speculating that poorer blood circulation in the lower limbs of elderly patients limits surgical resection and results in poor tolerance of high-dose radiation. By contrast, a recent analysis of 3870 MCC patients based on US Surveillance, Epidemiology, and End Results data found that the highest mortality was associated with MCC tumors on the trunk (22) .
We found no differences in mortality by age at diagnosis once we had taken expected mortality into account by estimating excess mortality. Although Agelli and Clegg (16) found that patients who were older than 65 years at diagnosis had a higher observed mortality than younger patients, their analysis was not adjusted for the higher expected mortality due to advanced age itself.
It has been suggested that MCC patients with MCV-positive tumors might have better survival than those with MCV-negative tumors (23) . The many competing causes of death in the elderly make MCC survival studies challenging, however, and a much larger dataset than ours would be needed to definitively address whether prognosis is related to tumor MCV status.
We found statistically significant increased risks of being diagnosed with MCC more than 1 year after a diagnosis of basal cell carcinoma, squamous cell carcinoma of the skin, cutaneous malignant melanoma, chronic lymphocytic leukemia, Hodgkin lymphoma, or non-Hodgkin lymphoma. Similarly, in a study based on Surveillance, Epidemiology, and End Results data, Howard et al. (4) reported an increased risk of MCC in patients who had previously been diagnosed with chronic lymphocytic leukemia, nonHodgkin lymphoma, or cutaneous malignant melanoma compared with patients with no such earlier malignancies; they also found an increased risk of MCC in those previously diagnosed with multiple myeloma. Other small descriptive studies and case reports have suggested that the risk of MCC may increase after a diagnosis of multiple myeloma, non-Hodgkin lymphoma, or malignant melanoma (1, 5, 24) .
We observed statistically significant increased risks of squamous cell carcinoma of the skin, chronic lymphocytic leukemia, and other cancers diagnosed more than 1 year after MCC diagnosis. We did not observe an excess of lymphoma subsequent to MCC, as has previously been reported (4, 5, 25) .
The association of MCC with other cancers suggests that, at least in theory, MCV could play a role in malignancies other than MCC. Human exposure to MCV is common during childhood or young adulthood, and up to 80% of healthy adults are MCV seropositive by age 50 years (26, 27) . Evidence for the presence of MCV in tumors other than MCC is mixed: Becker et al. (28) failed to find evidence of MCV infection in patients with squamous cell carcinoma of the skin or basal cell carcinoma, whereas Kassem et al. (29) reported that immunosuppressed patients who had either of these cancers or Bowen disease were frequently infected with MCV. The results of Kassem et al. were not supported by a subsequent survey of tumors from organ transplant recipients (30) . Direct immunostaining for viral protein also failed to demonstrate the presence of MCV in squamous cell carcinoma of the skin or basal cell carcinoma tumors, even among patients with concurrent MCC (31, 32) . In addition, although a variety of hematolymphoid cancers display low levels of MCV in polymerase chain reaction assays, MCV at levels consistent with viral presence in most of the tumor cells has not been observed in any single tumor type, including chronic lymphocytic leukemia (33) . Although these studies do not rule out that MCV may contribute to some hematolymphoid tumors through an immunostimulatory mechanism or to a subset of hematolymphoid tumors that have not yet been examined, they raise the possibility that MCC shares nonviral risk factors with other tumors.
Our observation of increased risks of chronic lymphocytic leukemia both before and after an MCC diagnosis suggests the importance of immunologic factors in the etiology of MCC. Because these increased risks were observed more than 1 year before and after MCC diagnosis, they are unlikely to be due to surveillance bias, which is more likely for cases that are diagnosed within 1 year of MCC diagnosis as, for example, in the study by Howard et al. (4) . However, our observation of substantially increased risk of chronic lymphocytic leukemia subsequent to MCC requires confirmation because it was based on small numbers and thus may represent a chance finding.
We observed strong associations between MCC and squamous cell carcinoma. Although patients with both conditions have been identified previously (20, 24, 34, 35) , a population-based assessment of the joint risk of MCC and squamous cell carcinoma has to our knowledge never been undertaken. Because MCC originates from neuroendocrine cells of the epidermis and hair follicles, whereas squamous cell carcinoma originates from malignantly transformed epidermal keratinocytes (36) , possible mechanisms underlying the associations between MCC and squamous cell carcinoma are speculative. However, both carcinomas may result, at least in part, from chronic exposure to ultraviolet light; alternatively, it is possible that they have a shared epithelial origin in a pluripotent basal cell (37) .
The statistically significant increased risk of MCC subsequent to cutaneous malignant melanoma that we and others (4, 5) have observed suggests that this increased risk is associated with sun exposure and, possibly, immunosuppression. We also observed an increased risk of cutaneous malignant melanoma subsequent to MCC, although that association was not statistically significant. Both MCC and cutaneous malignant melanoma derive from neural crest cells (5) . Like all register-based studies, this study has some limitations. The possibility of misclassification because of incomplete registration of cases and inaccurate registration of diagnoses is a concern when using register data. However, cancers that are registered in the Danish Cancer Register are histologically confirmed by pathologists. In addition, we included in this study only MCC patients who were diagnosed during or after 1978 when MCC got a unique specific diagnosis code and pathologists were more aware of the diagnosis than they might previously have been. Consequently, MCC diagnoses in the register are likely to be highly specific. Furthermore, pathologists in Denmark are required by law to report all histological findings to the Cancer Register, which should also ensure that registration of MCC is nearly complete (38) .
Surveillance bias is a possible explanation for the observed association between MCC and squamous cell carcinoma; the increased risk of a second skin cancer could be explained at least in part by increased vigilance on the part of physicians of patients who already have one skin tumor. However, because we also found an increased risk of non-skin cancers more than 1 year before and after MCC diagnosis but did not find an increased risk of basal cell carcinoma after MCC, it seems unlikely that the observed association between MCC and squamous cell carcinoma was due to increased surveillance.
In conclusion, we found strong associations between MCC and squamous cell carcinoma, chronic lymphocytic leukemia, and cutaneous malignant melanoma, which support one or more shared etiologies for these malignancies. Heightened awareness of associations between MCC and other malignancies may facilitate earlier detection and treatment of MCC and thereby improve the poor prognosis of individuals who are diagnosed with this skin cancer. 
